Background The exact prevalence of trocar site hernias after bariatric procedures is not yet known. Recent metaanalysis data indicated concerning rates of up to 25%. We conducted a prospective cohort study to estimate the prevalence and analyze the role of fascia closure in the development of trocar hernias. Method A total of 365 patients who were operated for obesity in our department between 2009 and 2018 were included. All patients were invited for a follow-up ultrasonography scan in order to detect abdominal wall defects. The role of intraoperative fascia closure in the development of trocar site hernias was evaluated, and a logistic regression analysis was performed to detect potential risk factors.
Introduction
Apart from obesity, the indication for performing bariatric procedures has now expanded to non-obese patients with metabolic disorders (1) . This will probably lead to bariatric operations as one of the most frequently carried out procedures in the next decade. The need for reducing perioperative morbidity and surgical complications is thus increasingly crucial.
One of the most neglected complications of bariatric surgery is trocar site hernias. There are several reasons for this neglect. First, most studies have traditionally focused on the excellent surgical results with the intention of improving the Ioannis Karampinis and Eliette Lion contributed equally to this work.
* Mirko Otto mirko.otto@umm.de Ioannis Karampinis jkarabinis@yahoo.com impact on weight loss and metabolism. Second, depending on the health care system, operated patients often lose contact with their surgeon and receive follow-up care by general practitioners who do not routinely evaluate for late surgical complications. However, the most important reason is probably that trocar site hernias are not visible or palpable in the bariatric patient (2) . Therefore, an imaging modality has to be routinely applied in order to detect hernias in this population, adding a significant burden of labor and costs to normal follow-up care in bariatric patients. The precise estimation of the prevalence of trocar site hernias after laparoscopic surgery in bariatric patients is yet not possible, since no prospective randomized studies with longterm follow-up data have addressed this issue. A recent metaanalysis pooled data from retrospective studies and several prospective cohort studies in order to assess the prevalence of trocar site hernias and estimate the severity of the problem. After limiting our focus on studies particularly dedicated to the field of bariatric surgery, we estimated a concerning prevalence rate at 15% (3). One well-conducted study included in our analysis even reported prevalence levels reaching 40% (4) .
The purpose of this study was to detect the prevalence of trocar site hernias after bariatric procedures. Furthermore, we focused on the role of fascia closure and evaluated for further risk factors that could influence the development of trocar site hernias.
Materials and Methods
The study was approved by the local ethics committee and registered in the German clinical trials register (DRKS00013122) and has been performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments. All patients provided informed consent for participating in the study and the use of their data.
We included adult patients who had been operated in our department between 2009 and 2018. The minimum follow-up for inclusion in our study was set at 9 months after surgery. This time frame was established in order to avoid confusing the abdominal defects with postoperative changes caused by the healing process of the abdominal wall. Exclusion criteria included the following: laparoscopic surgery in the upper abdomen before the bariatric procedure, any type of midline or transverse laparotomy in the upper abdomen before or after the bariatric procedure, and procedures implementing implantable devices penetrating the fascial layer. We first analyzed the effect of fascia closure in the entire cohort by dividing the patients into two groups based on whether or not the fascia had been sutured during the bariatric operation. In order to define the absolute prevalence of trocar site hernias and the role of fascia closure in the development of trocar site hernias, we then repeated the statistical analysis including patients who had only had a single bariatric operation.
Surgery was always performed under general anesthesia. The pre-, peri-, and postoperative surgical care was standardized for all patients and was based on an updated version of a clinical pathway, which we have previously published (5) . The fascia closure was performed using absorbable, synthetic, polyfilament, interrupted, braided stiches (polyglactin, strength 0) under camera visualization (bird pick technique). Only 12-mm trocar sites were closed. The fascia in 5-mm trocar sites was never closed. During sleeve gastrectomy, the middle 12-mm trocar was bluntly widened in order to enable the extraction of the resected stomach; the fascia at this site was always closed. These patients were allocated to the fascia closure group if the fascia at the remaining 12-mm trocar sites was closed and otherwise to the no fascia closure group if the fascia at the remaining 12-mm trocar sites was not closed. The trocar hernias at the extraction site for the stomach are presented descriptively, since no formal statistical analysis was possible.
Patients were examined using ultrasonography scans of the abdomen in order to detect trocar site hernias. All scans were performed by the same two examiners, who were experienced in abdominal sonography. In order to perform the ultrasonography, all trocar scars were identified and marked. In a radius of 5 cm using the trocar scar as the center, we searched for the subcutaneous insertion canal. All abdominal layers were identified. The dehiscence/hernia was defined as an interruption of the continuity of the fascia affecting all underlying layers up to the abdominal cavity.
Every trocar dehiscence was measured and documented ( Fig. 1 ) for every patient. The trocars marked in this figure represent the standard trocar placement in our clinic. In cases of previous plastic reconstruction of the abdominal wall, we directly searched for the insertion canal through the fascia without taking the laparoscopy scars into account. The interobserver variability was tested before the beginning of this study and in random cases throughout the study, in order to assure maximum quality and precision of the sonography scan. During this process, the one examiner was blinded to the findings of the other. During every sonography scan, the examiner was blinded to the type of surgery and to the type of fascia closure.
Statistics
All statistical calculations were performed using the SAS software, release 9.4 (SAS Institute Inc., Cary, NC, USA). Quantitative parameters are presented by median and range. Qualitative data are described by their absolute and relative frequencies. In order to compare groups for the analysis of qualitative parameters, a chi-square test or Fisher's exact test was used, where appropriate. The mean values of two subgroups were compared using two-sample t tests (in the case of normally distributed data) or the Mann-Whitney U test. The logistic regression was performed as a multivariable model, in order to analyze two factors for a binary outcome simultaneously. The data were entered twice for 15 patients. To compare the results, the kappa index and the correlation coefficients (Pearson and Spearman) were calculated as a measure of agreement. Each test result with a value of p < 0.05 was considered statistically significant. The excessive weight loss was calculated according to the following formula: pre-op weight − current weight/pre-op weight-ideal weight (BMI 25).
Results
Three hundred sixty-one patients were included and data from 359 patients were available for analysis. Two patients were excluded, one because of the short follow-up (4 months) and one because of the use of a robotic surgical approach. The overall follow-up rate was 56%. Patient characteristics are presented in detail in Table 1 . The kappa coefficient and the correlation coefficients showed absolute conformity between the two examiners.
Three hundred thirty-one procedures were performed as a first bariatric approach, whereas in 28 cases, surgery was performed as a redo procedure. A trocar site hernia was detected in 124 patients (total prevalence 34.5%), and a total of 146 trocar site hernias were diagnosed in all 1795 trocar sites (8.13%). Patients' characteristics did not differ significantly between the group who had received a fascia closure and the group where the fascia had not been closed; however, the length of surgery (Fig. 2) , the length of hospital stay, and the length of follow-up were significantly different ( Table 1 ). All the aforementioned parameters were longer in the group of patients where fascia closure was performed.
Due to the multiple trocar sites for each patient and the different operations with varying procedures at specific trocar sites (e.g., the extraction site after sleeve gastrectomy), we separated the trocar sites and repeated the analysis (Table 2) .
5-mm Trocars
Eighteen cases of trocar site hernias were detected in the 5mm trocar sites that were never closed in our department due to the previously established very low prevalence of hernias in trocar sites smaller than 10 mm. The overall hernia prevalence in the 5-mm trocar site was 2.5%. There were no patients with a symptomatic trocar hernia in this group, and there was one case of a wound healing disorder at a 5-mm trocar site in the left flank.
12-mm Trocars
We then analyzed the 12-mm trocar sites, excluding those that had been widened to enable the extraction of the resected stomach. In 961 trocar sites, we detected 102 trocar hernias (10.6%, Fig. 3 ). There were six cases of wound healing disorders and four patients with symptomatic trocar site hernias with bowel incarceration who received an emergency operation.
12-mm Trocar Sites Used for Stomach Extraction
The trocar sites that were used for the extraction of the resected stomach after sleeve gastrectomy were analyzed separately. Twenty-six trocar site hernias were detected in 116 locations (22.4%). The fascial layer was always closed in this trocar site. There were two patients with wound healing disorders who did not require further surgical treatment, and no cases of symptomatic trocar site hernias. There was no significant difference in the number of trocar site hernias between the fascia closure group and the no fascia closure group.
The four cases of symptomatic trocar site hernias, in which an emergency operation was performed, were found to be directly caused by incarceration in one of the trocars sites used during the bariatric procedure. Additionally, nineteen cases of symptomatic trocar site hernias were observed during the follow-up period. These nineteen cases are not formally considered to be a long-term complication of the bariatric operation, as these patients had other laparoscopic operations before or after the bariatric procedure. We were thus unable to establish a direct causality between the bariatric operation and the development of the hernia.
Patients Without Previous Operations
Due to the high probability of bias resulting from the multiple operations that most of our patients received before or between the first bariatric procedure and our follow-up ultrasonography, we isolated patients who were only operated once and had no other operations in the upper abdomen. Patients with non-bariatric surgery below the umbilical level were not excluded from analyses. After excluding patients with previous operations, 159 patients were available for inclusion. Of those, 36 patients had a fascia closure and in 123 cases, the fascia was not closed. BMI at surgery and BMI at follow-up were significantly higher in patients without fascia closure (p = 0.01 in both cases). However, excessive weight loss was not different between the two groups. Furthermore, patients with fascia closure experienced a significantly longer duration of the surgical procedure, length of hospital stay, and length of follow-up than patients without fascia closure (p < 0.001 for all 3 outcomes). Age, gender, smoking history, ASA score, and postoperative complications did not differ significantly between the two groups.
Fourteen trocar site hernias (38.8%) were found in the group of patients with fascia closure, and 35 trocar site hernias (28.4%) were detected in the group without fascia closure. No significant difference was detected (p = 0.23).
We performed a multivariate analysis in order to detect for potential risk factors associated with the development of trocar site hernias. Age, gender, BMI at surgery, BMI at follow-up, excessive weight loss, type of surgery, diabetes, smoking history, ASA score, abdominoplasty reconstruction, length of surgery, surgeon, and length of hospital stay were evaluated. The only factor that was associated with a higher risk for trocar site hernias was excessive weight loss (p = 0.05). Furthermore, we repeated the initial analysis comparing the demographics of patients who developed hernias with the patients who did not develop hernias (Table 3) .
Discussion
The precise estimation of the prevalence of the trocar site hernias after bariatric procedures is a challenge. The bariatric patient usually carries all known risk factors for developing trocar site hernias. Diabetes, limited physical condition, being overweight and a history of smoking are only some of the factors that have been associated with postoperative hernias (6) . On the other hand, the particularly low prevalence of wound complications after bariatric surgery seems to play a protective role in reducing the risk for developing trocar site hernias. Data from retrospective studies with adequate followup intervals indicate a notably high prevalence of trocar site hernias after bariatric surgery, ranging from 15 to 40% (2, 4, 7) . However, apart from our results, the highest prevalence of trocar hernias was reported in a similar study by Scozzari et al., which provided the only documented systematic screening using imaging techniques for this particular population with regard to trocar site hernias up until now (4) .
Suturing the fascia with interrupted, absorbable stiches did not result in fewer trocar site hernias in this study than leaving the fascia open. On the other hand, Rebibo et al. reported a significantly lower prevalence of trocar site hernias when the fascia was closed using a shielded port closure device (8) . Furthermore, the multivariate analysis indicated excess weight loss (EWL) as the only risk factor for developing trocar site hernias. Higher EWL values were associated with a higher prevalence of postoperative hernias, which can be explained by the radical changes in the abdominal wall anatomy caused by extensive weight loss. One potential solution could be to change the suturing technique from interrupted to running sutures or to utilize a non-absorbable thread, which is the standard in closing laparotomies.
In this study, we detected a 34.5% rate of abdominal wall defects in a mean follow-up interval of 36.4 months. The primary challenge here is the clinical relevance, in terms of how many patients will eventually become symptomatic due to such defects. The prevalence in bariatric patients seems to be far higher than the reported prevalence in the non-bariatric population, which was estimated at 0.7% in a recent metaanalysis (9) . Long-term surveillance data of patients with asymptomatic incisional hernias or trocar site hernias are not available, and the AWARE trial is currently evaluating relevant data (10) .
Within our cohort, there were four patients who received an emergency operation for a small bowel herniation at the trocar site incisions, two of whom had a particularly complicated postoperative course. In these four cases, we could clearly identify the previous bariatric surgery as the cause of the hernia. Nevertheless, when analyzing the overall cohort, we discovered an additional nineteen patients who had developed symptomatic incisional hernias in the upper abdomen. In total, these cases result in an observed symptomatic hernia prevalence of 6.4%, but the real prevalence is probably much higher.
This finding results in a notable discrepancy between the sonographically detected abdominal wall defects and the ones that require surgery. Sonography scans can help in detecting abdominal wall defects, but routine implementation in the follow-up period for the bariatric patient requires significant resources and is still disputed. Therefore, targeted patient histories and clinical diagnostics evaluating for symptoms associated with postoperative hernias are crucial during follow-up visits, particularly in patients with substantial weight loss. 
Conclusion
The prevalence of symptomatic and asymptomatic trocar site hernias after bariatric surgery is probably much higher than previously assumed. Reducing the morbidity and mortality associated with trocar site hernias is essential. Both our earlier metaanalysis and this current study failed to demonstrate a difference in the prevalence of trocar site hernias between patients where the fascia was closed and in patients where the fascia was not closed. However, opposing evidence from similar trials suggests closing the fascia. This clinical problem should therefore be further assessed in a prospective randomized setting.
Limitations
There are several limitations to this study. Despite the fact that patient inclusion and ultrasonography scans were performed prospectively, the bariatric operations and naturally the fascia closure took place in the past and were not performed in the context of a standardized prospective study. The prevalence of trocar hernias was estimated using sonography scans. This type of scan is recommended by the guidelines of the European Hernia Society (2015) for detecting abdominal wall defects. However, sonography cannot offer the same sensitivity rates with the CT scan (which on the other hand has a nonnegligible amount of radiation). Nevertheless, both detection methods estimate the rate of abdominal wall defects and not of symptomatic hernias. In this study, we included patients who received a bariatric operation over the course of nearly a decade. It is therefore important to note the evolution of bariatric surgery in our department and the changes in the learning curves and treatment algorithms, which can also explain the significant differences in operating time, length of hospital stay, etc., might have influenced the results of this study.
